
 

 
 

1730 Pennsylvania Ave., NW ■ Suite 850 ■ Washington, DC 20006 ■ Tel: 202.263.0022 www.qualcomm.com 
 

October 2, 2012 
 

Ms. Marlene Dortch 

Secretary 

Federal Communications Commission 

445 12
th

 Street, SW 

Washington, DC  20554 

 

 Re:   Petition for Rulemaking To Establish A Next Generation Air-Ground Service 

On A Secondary Licensed Basis In The 14.0 to 14.5 GHz Band -- RM-11640     

 

Dear Ms. Dortch: 

 

On September 28, 2012, Souheil Gallouzi, Srikant Jayaraman, Len Schiff, Harris Simon, 

Ali Tassoudji, Allen Tran and the undersigned of QUALCOMM Incorporated (“Qualcomm”) 

met with Sci-Byung K. Yi of the FCC’s International Bureau to discuss the above-referenced 

Petition for Rulemaking.  Qualcomm presented the attached set of slides, with the following 

additions to reflect the discussion that occurred during the meeting. 

Qualcomm added the following statement to Slide 7 entitled “Isoflux Pattern of Ground 

Station Antenna” - “Below the horizon, the isoflux beam is designed to roll off rapidly to achieve 

significant attenuation (at least 20 dB) relative to peak gain at 2 deg; in other words, the isoflux 

property is only in the region above horizon toward the aircraft.”  The added text explains that 

the isoflux characteristic of the GS antenna is another factor that helps to limit the interference 

from VSATs. 

To reiterate this point, Qualcomm also revised the third bullet on Slide 39 entitled: “Why 

VSAT Cause Negligible Interference to Next-Gen AG Ground Stations” as follows:  “GS 

antenna pencil beam is pointed about 1.5° above horizon; Both GS antenna pencil beam and 

isoflux beam roll off at least 20 dB from its peak when looking below horizon”.  Specifically, the 

isoflux characteristic of the GS antenna is in the elevation angles above horizon and not in the 

angles below horizon; below the horizon the gain drops by at least 20 dB below the peak at 2° 

above horizon. 

During the meeting, Qualcomm encouraged the Commission to issue a Notice of 

Proposed Rulemaking proposing to establish the Next Generation Air-Ground service on a 

secondary licensed basis in the 14.0-14.5 GHz band and explained that demand for a Next-Gen 

Air-Ground communications service continues to increase.  In this regard, Qualcomm would like 

to draw the FCC’s attention to a recent IMS Research study on the demand for in-flight 

broadband connectivity.
1
  IMS Research estimates that the number of Wi-Fi-enabled planes in 

North America will increase more than 3.5 times over this decade, from 1,107 in 2011 to 3,910 

in 2021.
2
 

                                                 
1
  See IMS Research, The World Market for In-Flight Wi-Fi and Cellular Connectivity (August 2012). 

2
  See id. at 75. 
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Qualcomm also would like to highlight the following discussion in the Commission’s 

Mobile Spectrum Holdings NPRM, released this past Friday: 

The rapid adoption of smartphones, as well as tablet computers and the 

wide-spread use of mobile applications, combined with deployment of high-

speed 3G and 4G technologies, is driving more intensive use of mobile 

networks.  A single smartphone can generate as much traffic as 35 basic-

feature phones; a tablet as much traffic as 121 basic-feature phones; and a 

single laptop can generate as much traffic as 498 basic-feature phones.  The 

adoption of smartphones alone increased at a 50 percent annual growth rate 

in 2011, from 27 percent of U.S. mobile subscribers in December 2010 to 

nearly 42 percent in December 2011.  Moreover, global mobile data traffic 

is anticipated to grow eighteen-fold between 2011 and 2016.
3
 

Indeed, Qualcomm has repeatedly explained that air travelers are particularly heavy users of 

mobile broadband devices, services and applications.
4
  The need for in-flight connectivity is 

further supported by a recent New York Times article.
5
 

Finally, Qualcomm provides in a second attachment to this letter three-dimensional plots 

of the Next-Gen AG GS prototype antenna based on the data submitted in Qualcomm’s 

September 11, 2012, filing.  Three-dimensional plots of the prototype aircraft antenna are on 

pages 10 and 11 of the attached slides and page A1 of the September 11 filing. 

 

Respectfully submitted, 

John W. Kuzin 
John W. Kuzin 

Senior Director, Government Affairs – Regulatory 

 

Atts.   Presentation slides from September 28, 2012 meeting 

 Three-dimensional plots from front and back of GS prototype antenna 
 

cc w/ Atts. 

(via email)

  

Jim Ball 

Kathleen Collins 

Howard Griboff 

Ira Keltz 

Jennifer Manner 

Geraldine Matise 

Robert Nelson 

Jamison Prime 

Mark Settle 

Sci-Byung K. Yi 

 

                                                 
3
  See Policies Regarding Mobile Spectrum Holdings, Notice of Proposed Rulemaking, WT Docket No. 12-

269 (Sept. 28, 2012) at ¶ 12 (footnotes omitted).   
4
  See, e.g., Petition for Rulemaking (filed July 7, 2012); Reply Comments of Qualcomm (July 31, 2012).   

5
  See Harriet Edleson, “Wi-Fi, Once a Nicety, Is Now a Need for Some Air Passengers,” NEW YORK TIMES 

(Oct. 1, 2012) available at http://www.nytimes.com/2012/10/02/business/wi-fi-is-increasingly-essential-for-airline-

travelers.html (“Typically, the bandwidth of the Wi-Fi on a single-aisle plane like a Boeing 737 or an Airbus A320 

can handle 25 users at a time.  If one traveler begins to download a large file, ‘the system slows to a crawl.’ [airline 

industry analyst Henry H. Harteveldt] said.  …  As for the future of in-flight technology, Mr. Harteveldt said it 

depended on technological developments, travelers’ preferences and airlines’ budgets.  The airlines tend to update 

cabins every five years. Mr. Harteveldt predicted that within 10 years, flights would be a ‘B.Y.O. entertainment’ 

environment ¬ that is, bring your own.”). 

http://www.nytimes.com/2012/10/02/business/wi-fi-is-increasingly-essential-for-airline-travelers.html
http://www.nytimes.com/2012/10/02/business/wi-fi-is-increasingly-essential-for-airline-travelers.html
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Outline

• GS and AC antenna description & patterns

• Experimental testing - flight tests and backlobe tests

• Link budget discussion

• Next-Gen AG Multiple Access and Error Recovery Highlights

• Interference from incumbent services to Next-Gen AG system
• Interference from VSAT to  ground station

• Interference from ESV/VMES to  ground station

• From VSATs to AC aircraft

• Interference from AMSS to AG ground station and aircraft 

• Interference from Next-Gen AG into incumbent services 
• From  ground station to geo-arc

• From aircraft to geo-arc

• Development Status
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Next-Gen AG Antennas3
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Ground Station Antenna

• Fixed beam pointing in Elevation
• Steerable in Azimuth
• Prototype antennas were built and tested 

to verify design assumptions
• Backlobe rolloff target of -37dB from 

beam peak as provided in Petition for 
Rulemaking
• Conservative design target; antenna test 

results showed more than 10dB of margin at 
peak of backlobe

4
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Measured Patterns of Ground Station Antenna

Design Goal
For Back 
Pattern
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Ground Station 3D Pattern Simulation

• Θ is elevation 
angle, Θ=0 is 
toward zenith

• Φ is azimuthal 
angle

• Prior slide shows 
backlobe rolloff is 
more than 50 dB 

Zenith

6
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77

Isoflux Pattern of Ground Station Antenna

• In addition to the narrow-beam covering elevation angles of 1-2 degs
above horizon, the ground station antenna also includes a shaped isoflux
beam to cover the upper elevation angles from 2-20 degs above horizon
• Below the horizon, the isoflux beam is designed to roll off rapidly to achieve 

significant attenuation (at least 20 dB) relative to peak gain at 2 deg; in 
other words, the isoflux property is only in the region above horizon toward 
the aircraft

• The isoflux beam pattern can be achieved using well known antenna 
beam-shaping method previously applied to ground mapping radar 
antennas and TV base-station antennas

• Reference for isoflux antenna beam shaping:

• R.W. Hougady and R.C. Hansen, “Scan surface wave antennas –
Oblique surface waves over a corrugated conductor, ” IRE Trans. 
Antennas Prop., Vol. 6, No. 4, pp 370-376, Oct. 1958
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Isoflux Antenna Pattern Simulation

Zenith Horizon Ground
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Aircraft Antenna

• Steerable in Azimuth
• For Elevation, considering both fixed and steerable options
• Prototype antennas were built and tested to verify design 

assumptions

9
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Aircraft 3D Pattern Simulation on Hawker Plane
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Aircraft 3D Pattern Simulation on Hawker Plane

• Θ is elevation angle, Θ=0 
is toward zenith

• Φ is azimuthal angle

• Antenna roll off of at 
least 30 dB toward geo-
arc relative to peak 
gain. Petition assumed 
20 dB.

• Expect 10 dB of margin 

Zenith
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Experimental Tests and Measurements with Next-Gen 
AG System 
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Propagation Measurements

• Used FCC Experimental License for several flight 
tests to assess signal propagation at Ku-band

• Mainly intended to support development of RF 
planning tools and to observe:
• Effects of terrain (ocean, land), if any
• Atmospheric losses at low elevation angles and large 

distances
• Path Loss exponent

• Far-field measurement tests for development of GS 
phased-array antenna

13
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Flight Tests

• Ku-band antenna mounted 
on Hawker HS-400 aircraft

• Transmit at 41 dBW EIRP 
from prototype GS 
phased-array antenna

• Measure RSSI at various 
distances from transmitter

14
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Flight Tests II

Next-Gen AG 
GS Antenna 
on location in 
downtown 
Bakersfield, 
Calif.
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Measured Data

Propagation 
Model 
assumptions:

Free-space Path 
Loss (1/r2).

Atmospheric Loss 
of 0.01 dB/km.
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elevation pattern 
roll-off.
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Experimental Tests to Measure Signal Levels from Next-
Gen AG Ground Stations

17
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Test Summary

• Performed experimental measurements of the interference 
caused to GSO satellites from backlobe radiation of a 
prototype Next-Gen AG Ground Station Antenna
• Real-time procedure was described in Appendix A of Qualcomm’s July 

31, 2012 reply comments

• The measurements show that the front-to-back gain ratios on 
the prototype GS antenna exceed 50 dB

• Qualcomm’s original Petition for Rulemaking used a front-to-
back gain ratio of 37 dB for the interference analysis
• Assumption is conservative by at least 13 dB

18
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GSO Satellites

• Experiments used transponders leased by Qualcomm’s 
OmniTRACS™ system for Next-Gen AG testing:
• AMC-1 and AMC-9 located at 103° West and 83° West, 

respectively;
• Transponder 10,  14.2 GHz (H-pol) uplink,  11.9 GHz (V-

pol) downlink;
• Approximate G/T of 4 dB/K
• Transponders were idle during tests; no customer traffic

19
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Test Signal Waveform and Setup

• Used a QPSK-modulated, pulse-filtered PN sequence with a period of 128 
chips, 625 kHz chip rate

• Waveform generated at IF using an Agilent MXG N5182A Vector Signal 
Generator, up-converted to 14.2 GHz using a 6-Watt Ku-band BUC

• At the OmniTracs™ gateway, signal is digitized and captured at 11.9 GHz 
using an Anritsu MS2692A Vector Signal Analyzer

• Data is processed on a laptop running MATLAB

• Software application performs a deep PN search across 
delay/frequency, demodulates the waveform, and estimates its Signal-
to-Noise Ratio

20
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Diagram of Test Setup
21
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Prototype GS Antenna

• Prototype antenna:
• Single, fixed beam with Beamwidth of about 2.8° in azimuth and 

1.5° in elevation
• Peak gain of 34 dBi, at an elevation angle of 2° above horizon 

and at azimuth broadside 

• Antenna located on roof of Qualcomm building in San Diego.
• Location 32.9040 N and 117.1967 W
• Clear, unobstructed view of the southern sky
• Antenna was mechanically rotated in Azimuth and Elevation while 

staying roughly oriented to the North
• Radiate 71 dBm EIRP

22
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Measurement Sensitivity

• Data processing software is sensitive enough to detect signals 
reliably at SNR levels of about -50 dB
• Verified through a separate calibration procedure over the GSOs 

(described in Attachment B of Qualcomm’s September 11, 2012 filing)

• Radiation through the backlobe is only detectable at certain 
orientations
• When the antenna is rotated and downtilted by 20°-40° so the 

backlobe “points” towards the satellite, the test signal is seen at SNR 
levels of about -44 dB

• At other orientations, the signal SNR level is  < -50 dB

23
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Data from AMC-9, 14.2 GHz

Local Time Azimuth Downtilt, el. Estimated SNR Estimated Freq Offset
[PDT] [deg] [deg] [dB] [Hz]

16:17:40 310 -40 -44.4 -2895.7
16:19:25 310 -40 -44.5 -2893.8
16:22:45 310 -40 -43.9 -2894.0
16:27:35 310 -45 -45.4 -2890.4
16:29:05 310 -45 -46.4 -2891.8
16:32:05 310 -20 -48.5 -2892.3
16:33:30 310 -20 -47.7 -2890.7

These elevation downtilts, which were necessary to detect 
interference, would never be used in actual operations

24
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Link Budget Analysis for 
Implied Front-to-Back Gain Ratio

• If the GS antenna’s peak were pointed directly at the satellites, expected   
I/N is approximately 6 dB.  

• Measured I/N is, at worst, -44 dB.
• Hence, the backlobe gain is at least 50 dB below the maximum gain.  
• At other orientations where the signal is not detectable, the front-to-back 

gain ratio must exceed 50 dB.

Nominal Units
GS Tx EIRP 41.00 dBW
Atmospheric Loss at KU band -2.00 dB
Satellite G/T at Tx Location [Minimum] 3.50 dB/K
BW 625.00 kHz
1/BW -57.96 -dB Hz
1/Boltzmann 228.60 -dB/K Hz
Path Loss to Geo Arc (at 14 GHz) -207.00 dB
Polarization Mismatch 0.00 dB
I/N at Satellite Receiver 6.14 dB
Estimated I/N at Satellite Receiver -44.00 dB
Implied GS Front-to-Back Gain Ratio 50.14 dB

25
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Conclusions

• The measurements show that the front-to-back gain ratios on 
the prototype GS antenna exceed 50 dB

• Qualcomm’s original Petition for Rulemaking used a front-to-
back gain ratio of 37 dB for the interference analysis.
• This assumption is conservative by at least 13 dB

26
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Next-Gen AG Link Budget Discussion27
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Link Budgets for Next-Gen AG System

• The Next-Gen AG system will use a multi-carrier variation of TDD LTE (proprietary 
and non-standardized)

• The Reverse Link budget in the petition assumes the Aircraft has a 2 MHz  frequency 
allocation for the RL signal (approx. 10 LTE Resource Blocks)

• Since the GS receiver processes a 200 MHz RL bandwidth with an FFT, why is it 
correct to look at the thermal noise power in only a 2 MHz bandwidth?

28
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Exemplary LTE Uplink Link Budget

• Consider an example link budget for the uplink of a 10 MHz 
LTE system:  
• UE Data Rate of 64 kbps;

• Maximum Tx EIRP of 23 dBm;

• Receiver (Node B) Noise Figure of 2 dB;

• Allocation of 2 Resource Blocks
• Each Resource Block consists of 12 tones spaced at 15 kHz.
• Signal occupies a bandwidth  B = 12 x 15 x 2 kHz = 360 kHz.

• Thermal Noise power is kTB = -118.4 dBm at T = 290 K

29
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From H. Holma and  A. Toskala, LTE for UMTS: Evolution to LTE-Advanced,  
Second Edition,  John Wiley: 2011.30
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Explanation 

• Why is it correct to use only the allocated RL bandwidth when 
computing the thermal noise power in the link budget?
• Conceptually, the Next-Gen AG receiver is equivalent to a bank of 

narrowband filters, each tuned to a subcarrier frequency
• The FFT provides a computationally efficient implementation of the 

filter bank
• At each FFT output, the corresponding interference component 

consists only of interference that resides within the frequency band 
occupied by the subcarrier

• Therefore, for link budget purposes, it is sufficient to compute the 
total noise power in only the allocated subcarriers, ignoring the noise 
in subcarriers not allocated to the signal

31
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Next-Gen AG Multiple Access and Error Recovery 
Highlights

32
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Next-Gen AG Multiple Access Highlights

• Uses TDD duplexing technique
• Ratio of uplink to downlink time slot allocation is flexible 

and based on future traffic requirements
• For both downlink and uplink, the Ground Station scheduler 

allocates Resource Blocks across the entire 100 MHz, and not 
just one 20 MHz carrier

• Additionally, frequency hopping is employed in uplink
• Resource Blocks assigned to different aircraft within the same 

beam are orthogonal (i.e. non-overlapping) in time and in 
frequency

33
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Next-Gen AG Error Recovery Techniques: Summary

• Frequency Hopping - Uplink
• Incremental Redundancy - Downlink & Uplink
• Coding across 100 MHz - Downlink & Uplink

34
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Next-Gen AG Error Recovery Techniques: 
Frequency Hopping (UL)

• In UL, the aircrafts hop in frequency across 100 MHz.

• Avoids staying on a bad frequency band with strong interference.

• Hence, it provides interference averaging.

Aircraft A

Aircraft B

Aircraft C

Time
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.
:

.
:
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Next-Gen AG Error Recovery Techniques:
Incremental Redundancy (DL & UL)

• Takes advantage of adaptive coding and modulation 
(AMC) in addition to the hybrid automatic repeat 
request (HARQ) process

• When radio-link experiences poor channel conditions 
or strong interference, HARQ allows additional 
forward error correction (FEC) bits to be transmitted
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Next-Gen AG Error Recovery Techniques: Coding 
across 100 MHz (DL & UL)

• Assign Resource Blocks (RBs) not just from one 20 MHz carrier, but across the 
entire 100 MHz to an aircraft (for DL & UL).

• The code bits of a codeword are sent on these RBs.

• Interference diversity is achieved: narrowband interference may make some 
code bits less reliable, but other code bits are unaffected. 

• In the worst case, strong narrowband interference causes erasures, resulting 
in an increased effective code rate. 

• However, in combination with incremental redundancy & HARQ, the 
transmitted codeword can still be recovered.

freq

tim
e

strong interference

100 MHz bandwidth

… …
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Interference from incumbent services to Next-Gen AG 
system

38
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Why VSAT Cause Negligible Interference to 
Next-Gen AG Ground Stations

• There are a small number of VSATs in close proximity to GSs

• GS antenna will be mounted considerably higher than bulk of VSATs

• GS antenna pencil beam is pointed about 1.5o above horizon
• Both GS antenna pencil beam and isoflux beam roll off at least 20 dB from its peak when 

looking below horizon

• Given the EIRP of typical VSAT terminals and rolloff of the GS antenna toward the 
VSAT and rolloff of VSAT toward GS, interference is usually negligible from VSATs 
even with free space propagation

• But path from VSAT to GS is usually occluded so interference is even less

• The Duty cycle of VSAT terminals is very low and the BW very small

• So the very rare VSAT that creates significant interference, does so over a small BW 
and for brief periods of time

• The frequency assignment across the band (“frequency hopping”) and IR will smooth 
out the lost tones

39
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Interference from VSAT into Ground Station 

• Consider 600,000 VSAT terminals

• Assuming uniform distribution of VSAT, there are 3,000 VSATs in each of the 200 hexagonal 
sites covering CONUS

• Number of VSATs within 20 km of the ground station at the corner of hexagon is ~42

• Since the ground station beam had beamwidth of 2.8o azimuthally and falls off rapidly, then 
need to consider VSATs within say 10o from beam boresight, i.e. number of VSATs becomes 
~(20/120)*42 ~ 7

• But these 7 VSATs are not transmitting simultaneously, duty cycle of VSATs is low

• The GS vertical beamwidth is also ~1.5o and is pointed at about 1.5o above horizon and 
drops off rapidly below horizon

• VSATs transmit powers are typically far less than the maximum allowable 

• Most of these 7 VSATs will likely suffer blockage at large distances & low angles

• The probability of more than one VSAT transmitting and having a free space propagation 
toward ground station is small

• The impact of VSATs to ground station is at most a very small (<1%) reduction in capacity

40
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Interference from ESV/VMES into Ground Station 

• Based on previous calculations ESV/VMES must come very close to the GS to cause 
excessive interference to the GS on some of the tones 

• Even if an ESV/VMES terminal comes close to the GS or somehow has a line of sight 
to the GS and the GS beam points in the direction of the ESV then some of the 
tones used by Next-Gen AG link will be lost. But frequency diversity across the 100 
MHz band as well as IR recovers most packets 

• At worse the capacity of the GS from plane to ground will be reduced by the 
fraction of the bandwidth used by ESV. 

• This is a low probability event and even when it occurs it does not cause any 
interruption to service and only a small capacity impact

41
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Interference from VSAT into Aircraft

• Consider 600,000 VSAT terminals

• Satellite transponder saturation power level is typically ~-93 dBm/m2

• The number of VSATs, maximum allowable EIRP of 56 dBW for all VSATs, and 
25% activity for all VSATs assumed by the Telecomm Strategies report results in 
12 dB over saturation of all VSAT satellite transponders. Considering that a 
typical transponder supporting multiple carriers is configured for 6 dB of input 
backoff, that transponder would be overloaded by 18 dB

• This is the discrepancy between Telecomm Strategies paper and the conclusion 
in Qualcomm Petition
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Interference from AMSS into Aircraft

• Telecomm Strategies assumed distance between planes of 3,000 feet and 0 dB 
gain from AG antenna toward AMSS transmitter

• Both these assumptions are highly pessimistic

• Planes flying at same altitude must be at least 5 NM apart. Even with the 
assumption of 0 dB AG antenna gain toward the AMSS transmitter the C/(I+N) 
is ~6.2dB at the AG receiver well above that required for the highest 
provisioned data rate.

• Two planes 3,000 feet apart must be at different altitudes. For this geometry, 
the look angle from AG antenna to AMSS transmitter is 45 degrees. At 45 
degrees, the gain of the AG antenna is less than -20 dB resulting in a C/(I+N) 
of better than 6.2 dB at the AG receiver.
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Interference from AMSS into AG Ground Station

• Telecomm Strategies assumed 0 dB AMSS antenna gain toward the AG ground 
station antenna at 300 km. This is pessimistic because the AMSS antenna is mounted 
on the top of the aircraft and the ground station is below horizon with respect to 
the AMSS terminal.

• Since the AG beam is quite narrow (2.8o) the AMSS aircraft needs to be within 7 
km of the AG aircraft at 300 km radius to even be in AG’s beam. The probability 
of two planes with this proximity is very low. 

• Even if the AMSS terminal caused interference to the ground station, the 
interference would be to the uplink of a plane that is flying close to the AMSS 
aircraft, and the impacted bandwidth is very small ~3 MHz, and the capacity 
impact on the affected AG aircraft uplink is very small. 

• The duration of the interference event is also very short given both planes high 
speed
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Interference from Next-Gen AG into incumbent services 45
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Conservative Assumption in Interference from AG 
Ground Station to GEO-Arc Calculations

• -37 dB of backlobe rolloff into geo-arc was assumed in the petition

• The ground station prototype has at least 10 dB additional rolloff even 
with peak gain criterion

• GSs transmit at 100% duty cycle and maximum power. At most GSs are 
loaded 75%, i.e. analysis is conservative by 1.25 dB

• All GSs are fully loaded uniformly in the analysis. In reality at least 50% 
of the beams would be idle, i.e. analysis is conservative by at least 3 dB

• Assumed no polarization mismatch between AG and satellite antennas. 
There is at least 1 dB of mismatch averaged over all location across the 
CONUS

• Assumed 3 dB atmospheric loss from aircraft to ground station. But the loss 
is less for aircraft closer to the GS. Averaged over the cell area this is 
conservative by at least 1 dB
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Interference from AG Ground Station to GEO-Arc

GS Peak EIRP per Beam 39.50 dBW

GS Antenna Backlobe -37.00 dB

Number of Beam over CONUS (600) 27.78 dB

Atmospheric loss 0.00 dB

GEO Satellite Average G/T 2.00 dB/K

1/BW (BW=50 MHz) -76.99 dB-HZ

1/Boltzmann 228.60 dB/K-Hz

Path Loss to GEO Arc (at 14 GHz) -207.00 dB

Polarization Discrimination (GEO Satellite and BTS Antenna) 0.00 dB

I/N at Satellite Receiver -23.11 dB

RoT 0.49 %
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Interference from AG Aircraft to GEO-Arc

• Simulation on Hawker plane shows 10 dB additional rolloff

Plane EIRP per Beam 3.00 dBW

Plane Antenna Rolloff Toward GEO Arc -20.00 dB

Number of Plance over CONUS (600) 27.78 dB

Atmospheric loss 0.00 dB

GEO Satellite Average G/T 2.00 dB/K

1/BW (BW=2 MHz) -63.01 dB-HZ

1/Boltzmann 228.60 dB/K-Hz

Path Loss to GEO Arc (at 14 GHz) -207.00 dB

Polarization Discrimination (GEO Satellite and BTS Antenna) 0.00 dB

I/N at Satellite Receiver -28.63 dB

RoT 0.14 %
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Next-Gen AG Development Status49
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Measured 3D Pattern in front of the GS Antenna 



Measured 3D Pattern behind the GS Antenna 
(relative to peak level of the front pattern) 


